1. Introduction {#s0005}
===============

Onion (*Allium cepa* L.) is a biennial plant belonging to the *Liliaceae* family, one of the most important vegetable crops with a world production of about 55 million tons ([@b0080], [@b0020], [@b0090], [@b0070]). It is known to contain many phytochemicals such as carotenoids, copaenes, flavonoids, minerals, phenolics, phytoestrogens, terpenoids, vitamins, anthocyanins, and amino acids. Approximately 80% of the onion bulbs consist of nonstructural carbohydrates such as glucose, fructose, sucrose, and low molecular weight fructooligosaccharides ([@b0005], [@b0010]). Onion is a versatile vegetable and typically used as an ingredient in many dishes besides a variety of uses in the fresh form, such as salads and in sandwiches. The bulbs are the main edible part, with a distinctive strong flavor and pungent odor. They are classified based on their color into yellow, red and white and based on their taste as sweet and non-sweet ([@b0045]). White, yellow and red types of onions are reported to be rich in flavonols including mainly quercetin, kaempferol, tannins and organosulfur compounds like allyl propyl disulfide and diallyl disulfide ([@b0045]). Among the flavonols, quercetin was connected with a hydroxyl and carbonyl at the carbon position of benzene ring and a double bond between 2 and 3 carbons. Quercetin aglycone, quercetin-3,4′-*O*-diglucoside and quercetin-4′-*O*-glucoside are the predominant forms of quercetin in onions ([@b0065]). A research conducted by [@b0025] reported that onions ranked the highest in quercetin content of 28 vegetables and 9 fruits. [@b0015] claimed that the levels of quercetin in red onions were 14-fold higher than that of garlic, whereas the levels were twofold higher than white onions. In addition, quercetin amounts in the onion peel were 48-fold more than the flesh.

In the recent years, many researchers involved in comparing the antioxidant activity of *Allium* species but a limited number of reports are available on the identification and quantification of some beneficial compounds, such as quercetin aglycone, quercetin-3,4′-*O*-diglucoside and quercetin-4′-*O*-glucoside ([@b0085], [@b0525], [@b0500]). Therefore, the present paper reports the identification and quantification of quercetin glycosides from three kinds of onions (red, yellow, and chartreuse, commercial chartreuse) cultivated in Korea using HPLC technique.

2. Materials and methods {#s0010}
========================

2.1. Reagents and chemicals {#s0015}
---------------------------

The HPLC-grade methanol was obtained from J. T. Baker Chemical Co. (Phillipsburg, NJ, USA). tert-Butylhydroquinone (TBHQ) was obtained from Alfa Aesar (Heysham, Lancashire, UK) and hydrochloric acid was purchased from Wako Pure Chemical Co., Industries, Ltd. (Osaka, Japan). Quercetin glycosides were provided from Extrasynthèse (Genay, France).

2.2. Plant materials {#s0020}
--------------------

Onions of different colors (red, yellow, and chartreuse) were provided by the Biotechnology Research Institute of Chonnam National University (Gwangju, Korea). The onions were divided into two parts (outer and inner). Each part of onion samples was carefully collected and packed using aluminum foil and frozen dried at 0 °C for 6 h followed by −20 °C for 6 h and finally at −70 °C for 48 h. The frozen dried samples were powdered using pestle and mortar and used for the analysis of quercetin glycoside compounds.

2.3. Extraction of quercetin glycosides {#s0025}
---------------------------------------

Extraction of quercetin glycosides was performed following the method of [@b0060] with slight modifications. Freeze-dried onion powder (10 mg) was mixed with 0.5 mL of methanol: formic acid: water (MFW; 50:5:45; *v*/*v*/*v*) stabilized with 2 g/L of tert-butylhydroquinone (TBHQ) and vortexed for 15 min. The extract solution was sonicated for 20 min at room temperature and subsequently centrifuged at 4000 rpm at 4 °C for 15 min. Additionally, the extractions were repeated four times and each extract solution was combined (approximately 2 mL). The solutions were filtered through PTFE hydrophilic syringe filter, 13 mm diameter, 0.45 μm pore size prior to injection.

2.4. Acid hydrolysis {#s0030}
--------------------

Acid hydrolysis was carried out for the transformation of glycosides into aglycone [@b0060]. Commercial chartreuse onion extract (100 μL) was mixed with 100 μL 6 M hydrochloric acid (1:1; *v*/*v*) and determined whether the formation of the aglycone. Briefly, 6 M HCl (0.2 mL) was added to a TBHQ containing extracts (0.8 mL) and incubated at 70 °C for 30 min with vortexing. After that the extracts were sonicated for 5 min, and then centrifuged at 12,000 rpm for 15 min at 4 °C. The extracts passed through a 0.45 μm PTFE hydrophilic syringe filter before HPLC analysis.

2.5. Quantification of individual quercetin glycosides by HPLC analysis {#s0035}
-----------------------------------------------------------------------

The analyses of the onion extracts were performed using an Agilent 1200 HPLC system (Agilent Technologies, CA, USA). Samples were separated on a Capcell PAK C18 column (250 × 4.6 mm i.d., 5 μm particle size) maintained at 40 °C. The flow rate was 1.0 mL/min, and the injection volume was 10 μL. The mobile phase consisted of (A) water: formic acid (95:5, *v*/*v*) and (B) 100% methanol. The binary gradient used to be as follows: 0--25 min, 20--60% B; 25--25.1 min, 60--100% B; 25.1--30 min, 100--60% B; 30--30.1 min, 60--20% B; 30.1--35 min, 20% B. The absorbance was measured at 360 nm. Identification of the quercetin glucosides was based on spectra, standards, and literature data. External standards were used for identification and quantification, and results are presented as milligram per gram of dry weight ([@b0030]).

3. Results and discussion {#s0040}
=========================

3.1. Extraction and HPLC separation of quercetin glycosides {#s0045}
-----------------------------------------------------------

Quercetin and quercetin glycoside derivatives present in different varieties of onions were extracted using the mixture of MeOH: formic acid: water (MFW; 50:5:45; *v*/*v*/*v*) containing the antioxidant TBHQ (tert-butylhydroquinone, 2 g/L) ([@b0060]). To improve the extraction efficiency of quercetin glycosides in onions, the samples were treated with a higher concentration of hydrochloric acid (6 M). The total extraction process was repeated four times which increases the efficiency of releasing the quercetin from the lyophilized powder. HPLC analyses of quercetin glycosides were conducted by slightly modified method in buckwheat flavonoids (chlorogenic acid, orientin, isoorientin, vitexin, isovitexin, rutin, and quercetin) ([@b0030]). Each quercetin glycosides were characterized based on the chromatographic retention time and UV--Vis wavelength data by comparing the previously identified quercetin glycosides ([@b0075]). The quercetin glycoside derivatives found in onions were similar which coincided with previously published data ([@b0075]). HPLC analysis guided to exhibit four peaks with different retention time. The HPLC chromatogram of red onion, yellow onion and chartreuse onion extracts recorded in 360 nm is shown in [Figure 1](#f0005){ref-type="fig"}, [Figure 2](#f0010){ref-type="fig"}, [Figure 3](#f0015){ref-type="fig"}.Figure 1HPLC chromatograms of red onion detected at 360 nm. (a), skin; (b), first SL (scaly leaf); (c), third SL; (d), top; (e), bottom; (f), root. Peak: 1, quercetin 7,4′-diglucoside; 2, quercetin 3-glucoside; 3, quercetin 4′-glucoside; 4, quercetin.Figure 2HPLC chromatograms of yellow onion detected at 360 nm. (a), skin; (b), first SL (scaly leaf); (c), forth SL; (d), top; (e), bottom; (f), root. Peak: 1, quercetin 7,4′-diglucoside; 2, quercetin 3-glucoside; 3, quercetin 4′-glucoside; 4, quercetin.Figure 3HPLC chromatograms of chartreuse onion detected at 360 nm. (a), skin; (b), first SL (scaly leaf); (c), third SL; (d), top; (e), bottom; (f), root. Peak: 1, quercetin 7,4′-diglucoside; 2, quercetin 3-glucoside; 3, quercetin 4'-glucoside; 4, quercetin.

3.2. Quantification of quercetin glycosides {#s0050}
-------------------------------------------

The amounts of total quercetin glycosides in outer layer of onions ranged from 16.1 mg/g dry weight (DW) (red onion) to 103.93 mg/g DW (chartreuse onion), whereas in the inner layer the highest levels of total quercetin glycosides were detected in SL 1 layer of yellow onion (1.22 mg/g DW) and the lowest in chartreuse onion (0.99 mg/g DW) ([Table 1](#t0005){ref-type="table"}). The root of chartreuse onion documented the highest levels of total quercetin glycosides (163.3 mg/g DW) followed by the yellow onion (94.95 mg/g DW) and red onion (73.83 mg/g DW), respectively. It was clear that yellow onions contained more total quercetin than red onions, whereas, [@b0035] claimed that red onions contained more total quercetin. In chartreuse onion, quercetin documented average 78.3% of total quercetin glycosides, whereas in yellow and red onion 43.6 and 31.7%. Chartreuse onion contained the highest level of quercetin (163.3 mg/g DW) while it had low contents of other onions. Quercetin 3-glucoside and quercetin were documented in an average 93%, 82.6% and 77.8% of the quercetin glycosides in chartreuse, red and yellow onions. This is consistent with the previous reports ([@b0040]). It was observed that among quercetin 3-glucoside was the major glycoside (43.85 mg/g DW) followed by quercetin (30.08 mg/g DW) and quercetin 7,4′-diglucosidein (18.28 mg/g DW) in yellow onion, whereas; in red onion, quercetin documented predominant (32.21 mg/g DW) followed by quercetin 3-glucoside (28.83 mg/g DW) and quercetin 7,4′-diglucosidein (11.1 mg/g DW), respectively. Among the glucosides, quercetin 4′-glucoside detected comparatively lower amounts in all the onions. Many reports suggest that aglycone form of onions has greater pharmacological activity than its glycosides. Therefore, onions bred for high aglycone content may have more health benefits ([@b0050], [@b0055]).Table 1Quercetin contents (mg·g^−1^ dry wt.) in four types of onions (*n* = 2).CultivarsPartsQuercetin 7,4′-diglucosideQuercetin 3-glucosideQuercetin 4′-glucosideQuercetinTotalRed onionOuterFirst SL[a](#tblfn1){ref-type="table-fn"}17.317.0441.390.5966.33Second SL4.52 ± 0.481.10 ± 0.145.70 ± 0.610.03 ± 0.0011.33 ± 1.20Third SL0.54 ± 0.020.10 ± 0.010.56 ± 0.04ND[b](#tblfn2){ref-type="table-fn"}1.20 ± 0.06Inner0.04 ± 0.010.01 ± 0.000.07 ± 0.01ND0.12 ± 0.03  Yellow onionFirst SL6.92 ± 0.950.69 ± 0.109.04 ± 1.200.07 ± 0.0216.71 ± 2.27Second SL0.72 ± 0.140.11 ± 0.020.75 ± 0.14ND1.58 ± 0.30Third SLNDNDNDNDNDInnerNDNDNDNDND  Chartreuse onionFirst SL11.30 ± 0.755.66 ± 0.4521.72 ± 1.630.35 ± 0.2639.02 ± 2.57Second SL1.42 ± 0.010.44 ± 0.021.73 ± 0.12ND3.60 ± 0.15Third SL0.38 ± 0.040.18 ± 0.010.69 ± 0.06ND1.25 ± 0.11InnerNDNDNDNDND  Commercial chartreuse onionFirst SL9.29 ± 0.851.35 ± 0.1220.27 ± 1.9232.81 ± 1.6363.71 ± 4.52Second SL5.24 ± 1.580.70 ± 0.228.26 ± 2.429.88 ± 2.5424.09 ± 6.75Third SL4.09 ± 0.290.76 ± 0.074.83 ± 0.340.50 ± 0.1210.18 ± 0.59Inner0.44 ± 0.110.09 ± 0.030.48 ± 0.140.03 ± 0.021.04 ± 0.30[^2][^3]

4. Conclusion {#s0055}
=============

Four quercetin glycosides were extracted and separated in varieties of onions using HPLC method. The variations in the composition and contents of quercetin glycosides among four different varieties were analyzed. A distinct gradient in total and individual quercetin glycoside contents were observed between the inner and outer parts of the skin. Quercetin was identified as one of the major compounds in all the varieties in chartreuse onion (127.92 mg/g DW) and red onion (32.21 mg/g DW) whereas only quercetin 3-glucoside content was higher (43.85 mg/g DW) in yellow onion. Onions contained rich antioxidants, and is an excellent choice for human daily consumption. The differences in quercetin glycoside content among different onion varieties could be useful for future breeding initiatives.
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